This clinical trial tested the effect of daily application of 10% w/v calcium phosphopeptide-amorphous calcium phosphate (CPP-ACP) paste for 1 yr when added to regular toothbrushing with fluoridated toothpaste to prevent dental caries in pre-school children. High-caries-risk children aged 2½ to 3½ yrs in a suburban area of central Thailand were assigned to receive either CPP-ACP (n = 150) or a placebo control (n = 146) in addition to fluoridated toothpaste. The International Caries Detection and Assessment System (ICDAS) was recorded at baseline, 6 mos, and 1 yr. At 1 yr, a significant increase in mean numbers of enamel and dentin caries lesions, as well as dmfs, was found in both groups (p < 0.001). No significant difference was observed between groups on these 3 outcome measures (p = 0.23, 0.84, and 0.91, respectively). The odds of enamel caries lesion transitions to a state of regression or stability, compared with progression from baseline, was also not different between groups [OR = 1.00, 95% CI (0.86, 1.17)]. This trial found that daily application of 10% w/v CPP-ACP paste on school days for 1 yr, when added to regular toothbrushing with a fluoride toothpaste, had no significant added effect in preventing caries in the primary dentition of these pre-school children (ClinicalTrials.gov number CT01 604109).
especially in Thailand, where water fluoridation is not available and milk fluoridation is limited. According to the 6th National Oral Health Survey in Thailand 2006, 3-year-old children in the central part of the country have the highest caries prevalence rates, 69.8%, with dmft 3.63 (Thai Ministry of Health, 2007) . Effective efforts to prevent caries and non-invasive treatment of initial caries lesions in young children are needed. Fluoride is widely accepted as the most effective tool for caries prevention. Current best practice recommends twice-daily toothbrushing with fluoride toothpaste for dentate children (Zero et al., 2012) . Higher levels of caries prevention were reported in school or pre-school setting studies with supervised toothbrushing compared with unsupervised brushing at home (Twetman et al., 2003) .
There is evidence that casein phosphopeptide-amorphous calcium phosphate, CPP-ACP, can bolster the effects of fluoridated toothpaste alone to prevent caries. The localized CPP-ACP nanocomplexes in plaque and on tooth surfaces can buffer the free calcium and phosphate ion activities, maintain a state of supersaturation with respect to tooth enamel, prevent enamel demineralization, and promote remineralization (Cross et al., 2007) . Several studies have shown a synergistic effect of CPP-ACP and fluoride in reducing caries Reynolds et al., 2008) . Almost all clinical trials have investigated the effectiveness of CPP-ACP-containing products in caries prevention and enhancing remineralization of initial caries lesions in the permanent dentition of young adolescents (Andersson et al., 2007; Morgan et al., 2008; Bailey et al., 2009; Rao et al., 2009; Beerens et al., 2010; Brochner et al., 2011; Robertson et al., 2011) . The majority of these studies reported the surrogate outcomes of caries and did not present all available caries data for all tooth surfaces or participants.
The purpose of this study was to determine if adding the daily application of a CPP-ACP-containing paste for 1 yr is superior to regular fluoride toothbrushing in preventing caries in high-caries-risk pre-school children.
MAtErIAls & MEthODs
The study design was a one-year, double-blind, placebo-controlled clinical trial. The study protocol was approved by the University of Washington and Thammasat University Human Subjects Divisions. The study took place in two provinces in central Thailand, near Bangkok, where water fluoride concentration is less than 0.1 ppm. Ten public nursery schools, with no organized oral health care program, participated. Power calculations indicated that 101 children per group would yield a power of 80% to detect a 30% difference in Effect of cPP-AcP Paste on Dental caries in Primary teeth: A randomized trial the average number of new enamel caries lesions (ds1-3) between groups at a 5% significance level. Previous studies (Andersson et al., 2007; Robertson et al., 2011) had indicated an effect size that includes a 30% reduction in a similar time period. Therefore, the recruitment goal was 150 children per group to allow for attrition.
Participants and recruitment
The participants were healthy Thai boys and girls aged between 2½ and 3½ yrs with normal development of dentition and diagnosed as high-caries-risk based on a subset of items from the Caries-risk Assessment Tool (AAPD, 2008) . The recruitment began in June, 2010. The exclusion criteria were the chronic use of medications or antibiotics, lack of cooperation in the oral examination, allergies to milk protein or benzoate preservatives, presence of oral soft-tissue lesions or enamel hypoplasia at baseline examination, or have received a fluoride supplement or professional topical fluoride application at least 3 mos before or during the study period. The results of the oral screening of 399 children deemed eligible for the study were sent to their parents with questionnaires on the child's general and oral health, parents' demographics, and informed consent. In total, 296 children enrolled in the study ( Fig.) . Oral examination at baseline, according to the International Caries Detection and Assessment System (ICDAS), was performed in July-August, 2010, with the last follow-up examination taking place in September, 2011.
Assignment to conditions and Description of the Intervention
After baseline ICDAS, children were systematically allocated to two groups, and the allocation of treatment to each group was done randomly. The allocation of experimental or control group was determined by an assistant who was not involved in the clinical aspects of the study, to reduce potential biases. To facilitate the logistics involving participation of children from 10 schools, within each province, sequential identification numbers were assigned to the alphabetical lists of participants' names (1-191 and 1-107, respectively). Randomly, those with odd ID numbers were assigned to the experimental treatment, and those with even ID numbers to the control treatment. Those in the experimental group were assigned to receive 10% w/v CPP-ACP paste, Tooth Mousse ® (GC Corporation, Tokyo, Japan) daily; those in the control group received a placebo paste that had identical packaging, color, and taste, since it was prepared and provided by the same manufacturer. All staff, teachers, and participating children were blinded to the group assignment and did not know which paste is more effective in caries prevention. The paste code was retained by the manufacturer and broken only after analysis of the study results.
The paste was applied by trained teachers every school day, using each child's coded paste, following toothbrushing with fluoridated toothpaste after lunch. For each application, approximately 0.4 g of paste was used and applied to tooth surfaces by means of a disposable cotton-tipped applicator. After that, children were encouraged to delay swallowing and avoid expectoration, then took their afternoon nap. An application checklist was collected each month to ensure the consistency of paste application and compliance of the teachers.
Prior to the study, there was a meeting between the dental staff and the parents for oral hygiene instruction, information on hands-on toothbrushing techniques, and distribution of the 1,000-ppm fluoridated toothpaste and toothbrushes to brush each child's teeth at home during the study period. All children received professionally applied fluoride varnish at the end of the study.
Measurement
Dental caries clinical examinations were conducted according to ICDAS II criteria that classify severity of dental lesions, ranging from the early clinically visible change in enamel to extensive cavitation, and presenting 6 stages of the caries process in ordinal code (Ismail et al., 2007) . There were 88 coronal tooth surfaces for each child examined. Prior to the examination, the child's teeth were cleaned by means of a slow-speed handpiece with a brush and non-fluoride prophylaxis paste. All children were examined at the nursery schools by one pediatric dentist who was blinded to the child's group assignment. The ICDAS training exercise was carried out 3 days before the examinations. Intra-examiner reliability, based on approximately 10% of the children and computed by the weighted kappa statistic at baseline, 6 mos, and 1 yr, was high: 0.80, 0.79, and 0.87, respectively.
statistical Methods
All data were processed by SPSS 16.0 (SPSS Inc., Chicago, IL, USA). Independent t tests and repeated-measures analysis of variance were used to test differences between the two study groups in mean number of surfaces with dental caries per child. The primary outcome was the mean number of enamel caries lesions (ds1-3).
The transitional scores of enamel caries lesions from baseline to 6 mos and 1 yr were calculated and recoded as (lesion) regression, stable, or progression (i.e., follow-up ICDAS score minus baseline ICDAS score ≥ 1), to monitor the transition of lesions during the study period. In this calculation, all treated surfaces (sealants, restorations, and extractions) at 6 mos and 1 yr were excluded. The logistic regression model was used to analyze the efficacy of the CPP-ACP-containing paste; stable or regressed lesions were combined into one category and compared with progressed lesions, assuming independent behavior of all lesions.
rEsults
There were 296 high-caries-risk pre-school children enrolled in the study (143 boys, 153 girls). Of these, 150 were assigned to the experimental condition and 146 to the control condition. The average age was 36.9 ± 2.9 mos in the experimental group and 37.2 ± 3.0 mos in the control group. After 1 yr, 229 children remained in the study; the drop-out rates of the experimental and the control groups were 22.0% and 23.3% (p = 0.79). Two major reasons for drop-out were children's transfer to higher level schools and families moving out of the area (Fig.) . The outcome analyses were limited to the 213 children who participated in all 3 oral examinations, 110 from the experimental group and 103 from the control group. Neither side-effects from nor adverse reaction to paste application occurred in this study.
At baseline, the two groups were comparable in terms of potential confounders with respect to age, gender, eating behaviors, toothbrushing behavior, and parents' socio-economic status, except that more children in the experimental group reported falling asleep with a bottle (p = 0.008). However, this was not diagnosed as a risk factor for all caries outcome measures of this study. The baseline dmfs/dmft score for both groups was high, 9.1/4.3 and 9.4/4.3, respectively (Table 1) , whereas the overall treated surfaces (mfs) were extremely low (0.11) ( Table 2) . The difference in baseline dmfs/dmft observed between two groups was not statistically significant (p = 0.88 and p = 0.91) ( Table 1) .
Comparison of background characteristics and baseline dmfs/dmft between the remaining 213 children and the 86 children who dropped out demonstrated no statistically significant difference, except for gender, with significantly more girls in the drop-out group (p = 0.036).
Between baseline and 1 yr, the mean number of caries outcome measures within both groups increased significantly (p < 0.001) However, differences between groups were not statistically significant (Table 2) . Children in the experimental group showed a higher number of caries increment outcomes, except for the dentin caries lesion increment, which was slightly greater in the control group.
Overall, at 1 yr, the difference in the distribution of enamel caries lesion transitions between the two groups was not statistically significant [OR = 1.002, 95% CI (0.86, 1.17)]. In addition, there were no significant differences in the enamel caries lesion transition scores between the two groups at the first or second 6 mos of the one-year study (Table 3) .
DIscussIOn
This study was a double-blind, placebo-controlled clinical trial to compare the effect of daily application of CPP-ACP paste in pre-school children against that of a placebo paste.
All study children resided in non-fluoridated areas and were diagnosed as high-caries-risk, with evidence of visible plaque, dmfs, and enamel caries. Concurrently, the results of parent questionnaires administered at baseline revealed that more than 70% of these pre-school children were bottle-fed, and some slept with bottles. Approximately one-third of the children had 3 or more snacks between meals a day. Parents reported that the children's teeth were brushed approximately once a day at home, and that the majority of the children (> 63%) brushed by themselves. This finding was consistent with those of the 6 th national oral health survey in 2006, which reported that only 36.35% of 3-year-old children's parents brushed their child's teeth. Thus, we could not anticipate the oral cleanliness of these children, which depends on parental awareness. The caries experience (dmfs/t), therefore, was extremely high in Thai preschool children. In addition, two-thirds (67.61%) of the children in this study were classified as having severe ECC (dmfs of upper anterior teeth ≥ 1). Therefore, oral hygiene and hands-on toothbrushing instructions were provided to all parents prior to the study, with the expectation that parents would have more awareness of their children's oral health. One-year 6-month -moved school (n =11) -moved area (n = 2) -death (n =1) -lost follow-up (n = 1) -moved school (n = 2) -moved area (n = 6) -absent at exam visit (n = 10) -moved school (n = 1) -movedarea (n = 2) -withdrawn (n = 1) -expectorated (n = 1) -absent at exam visit(n = 13) -moved school (n = 12) -movedarea (n = 3) -lost follow-up (n = 1)
Oral screening in 2 ½ to 3 ½-year-old children at nursery schools (n = 399) Questionnaires, study information, and informed consent were sent to parents. Data presented as mean ± SD. ds1-3 = enamel caries lesions (ICDAS score 1, 2, 3). ds4-6 = dentin caries lesions (ICDAS score 4, 5, 6). ds5-6mfs = decay, missing, and filled surfaces (dmfs). p-value 1 = tests of within-subject effects (difference within group): based on repeated-measures analysis of variance. p-value 2 = tests of between-subject effects (difference between groups): based on repeated-measured analysis of variance. a = p-value of the test of differences in 1-year caries increment between groups: based on independent t test.
Figure.
Overall, mfs (mean) at baseline and 1 yr = 0.11 and 0.74, respectively.
Clinical examinations were recorded according to ICDAS II criteria, an effective assessment tool for caries in the primary dentition, with acceptable reproducibility and validity with histological depth (Braga et al., 2009; Shoaib et al., 2009) . ICDAS scores of 5 and 6 were used to represent the decay index of the dmfs/dmft indices, since WHO criteria diagnosed dental caries in cavitated dentin. This study concentrated on the cariespreventive ability of CPP-ACP paste based on previous reports which demonstrated significant regression of white-spot lesions by CPP-ACP paste in post-orthodontic patients (Andersson et al., 2007; Bailey et al., 2009) . Moreover, the enamel caries lesions (13-15 surfaces/child) were a major caries finding in these high-caries-risk children. Therefore, the enamel caries lesion (ds1-3) was focused upon as a primary outcome and used in sample size calculation.
At the conclusion of the intervention, the increment in mean numbers of enamel caries lesions in the experimental and the control groups (3.55 and 3.07 surfaces, respectively) indicated a large increase in new enamel caries lesions from previously sound enamel over the one-year period. The dmfs incremental rate of both groups was 4.23 and 4.12 surfaces, respectively, with no significant difference. This rate is slightly greater than findings from a one-year monitoring study of 9-to 18-month-old Thai children whose parents received hands-on toothbrushing instruction with fluoridated toothpaste. That study reported a dmfs incremental rate of 3.3 surfaces, whereas the group without hands-on toothbrushing instruction showed a dmfs incremental rate as high as 18.9 surfaces (Thanakanjanaphakdee and Triratvorakul, 2010) . Another study, of Chinese children aged 3-4 years, found dmfs increased by 5 within 2 yrs (Jiang et al., 2005) .
In the present study, we expected that ds1-3, ds4-6, and dmfs increment would be lower in the experimental group than in the control group. However, the results did not support this expectation.
Our results showed that approximately 33.5% of enamel caries lesions progressed during the one-year follow-up period, which is less than shown in a study in southern Thai children aged 12 to 18 mos, which reported that approximately 40% of initial enamel caries lesions progressed to cavitated dentin during 3 to 9 mos (Thitasomakul et al., 2006) . The odds of enamel lesions regressing or remaining stable did not show a greater effect of CPP-ACP paste than the placebo paste at any of the follow-up periods. This result did not support the findings, which showed an enhancement in white-spot lesion (ICDAS score 2-3) regression by 12-week use of CPP-ACP paste (Bailey et al., 2009) . However, in that study, if ICDAS score 1 was included in the transitional analysis, their result did not show significant difference between two pastes.
In the present study, the pastes were applied by the children's teachers within 10 min following the children's toothbrushing with fluoridated toothpaste and immediately before the afternoon nap. The reason for this choice was a synergistic effect with fluoride and longer contact with the teeth. We found little evidence of beneficial effects of CPP-ACP paste, and this might be due to the strong positive effects of the fluoridated toothpaste. Further studies might be conducted for longer follow-up time, other application times, or the absence of fluoridated toothpaste.
In conclusion, in a study that focused on caries prevention and initial enamel caries lesion remineralization in the primary dentition of high-caries-risk pre-school children, this clinical trial did not detect any difference between daily application of CPP-ACP-containing paste immediately following brushing with fluoridated toothpaste and brushing with fluoridated toothpaste alone at nursery schools for a one-year study period.
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